The quasigeostrophic model is a simpli ed geophysical uid model at asymptotically high rotation rate or at small Rossby number. We consider the quasigeostrophic equation with dissipation under random forcing in bounded domains. We show that global unique solutions exist for appropriate initial data. Unlike the deterministic quasigeostrophic equation whose well-posedness is well-known, there seems no rigorous result on global existence and uniqueness of the randomly forced quasigeostrophic equation. Our work provides such a rigorous result on global existence and uniqueness, under very mild conditions.
Introduction
The models for geophysical ows are usually too complicated for analysis. Simpli ed partial di erential equation models which are intended to capture the key features of large scale phenomena and lter out undesired high frequency oscillations in geophysical ows have been derived at asymptotically high rotation rate or small Rossby number. An important example of such partial di erential equations is the quasigeostrophic model. The deterministic quasigeostrophic equation is ( 20] , 6]) t + J( ; ) + x = 2 ? r ;
(1) where (x; y; t) is the stream function, 0 is the meridional gradient of the Coriolis parameter, > 0 is the viscous dissipation constant, r > 0 is the Ekman dissipation constant. Moreover, J(f; g) = f x g y ? f y g x denotes the Jacobian operator.
The deterministic quasigeostrophic equation (1) has been derived as an approximation of the rotating shallow water equations by the conventional asymptotic expansion in small Rossby number ( 20] ). Schochet ( 22] ) has recently shown that the shallow water ows converge to the quasigeostrophic ows in Sobolev norms in the limit of zero Rossby number (i.e., at asymptotically high rotation rate), for appropriate initial data. For related work about the three dimensional baroclinic quasigeostrophic model, see, for example, 4], 11], 17] and 2].
Recently, a few authors have considered the randomly forced quasigeostrophic equation, in order to incorporate the impact of uncertain geophysical forces ( 21] , 13], 15], 18], 10]). They studied statistical issues such as estimating correlation coe cients for the linearized quasigeostrophic equation with random forcing. There is also recent work about the impact of random ocean bottom topography on quasigeostrophic dynamics ( 16] 
where W(x; y; t) is a space-time Wiener process to be de ned below. There does not seem to exist a mathematically rigorous theory of quasigeostrophic dynamics under random forcing. In this paper, we consider existence and uniqueness of solutions for the nonlinear quasigeostrophic equation (2) subject to Dirichlet boundary conditions and appropriate initial data.
Local existence and uniqueness of solution processes
Introducing !(x; y; t) = (x; y; t), the equation (2) can be written as
where (x; y) 2 D and D R 2 denotes a bounded domain with su ciently regular boundary. This equation is supplemented by zero Dirichlet boundary conditions ( 5] ) for both and ! = , together with an appropriate initial condition, i.e., we require (x; y; t) = 0 on @D ; (4) !(x; y; t) = 0 on @D ; (5) !(x; y; 0) = ! 0 (x; y) : (6) We note that the Poincar e inequality holds with these boundary conditions. As it stands, (3) still has to be given a mathematically precise meaning. This can be done using the framework of stochastic partial di erential equations ( 7] ). For this we (formally) rewrite (3) in the form d! = ( ! ? r! ? x ? J( ; !))dt + dW : (7) In the following we use the abbreviations L 
We further assume that
inf ( 
where the stochastic convolution W A (t) is de ned in (9) . By de ning U(t) = !(t)?W A (t), we obtain a deterministic mild (integral) equation (13) or in its di erential form U 0 (t) = AU(t) + F(U(t) + W A (t)) ; (14) U(0) = ! 0 : (15) In the following we prove the local existence of U(t). We follow the approach in 9] or 8], p. 261. We rst show that the integral in (13) (16) k(?A) a S(t)uk c t a kuk; (17) kS(t)uk c kuk: (18) Here and hereafter we use c to denote various constants.
We rst show that 
provided the positive constants a and satisfy 0 < + a < 1 4 . This nally implies Especially for a = 0 we obtain . This completes the proof of the lemma.
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We conclude from the above lemma that 
Global solution processes
In this section, we show that the solution U(t) is a priori bounded, in L 2 (D)-norm, on any nite interval 0; T]. This implies that the local solution U(t), and thus !(x; y; t) is actually global in time.
We consider (14), (15) We now estimate the norm kU(t)k. 
Putting (22) - (25) into (21) (29) is true for any local solution U(t) of (14) . This shows that the unique (local) solution does not blow up on any nite intervals.
We thus have the following theorem. 
